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THE PATTERN OF GLUTAMIC ACID DECARBOXYLASE
DEGENERATION AND ITS RELATION WITH
RICE SEED DETERIORA TION 1

A. J. M. Azizul Islam and James C. Delouche2

ABSTRACT

Glutamic acid decarboxylase was found
to be distributed uniformly in the embryo
of Bluebonnet-50 rice seed and its degene,_ration started from the surface layer to_the
centre. Its pattern of degeneration is ex-

" = (172.2) (.699) x for 20 ·cpressed by Y

"
75% RJ-I. storage, Y

= (180.4)

(.659) x for

" = (116.3) (.514)x
30 'C-48% R.H. and Y
for 30 'C-75% R.H. Slight degeneration affected root growth, while degeneration at
certain levels was required to cause decline
in germination percentage.
INTRODUCTION

Seed deterioration was extensively studied during the past 30 years. Many causes
were found behind the death of a seed.
Certain enzyme systems have recently been
found to be closely associated with vital
activity of seeds. The objective of the study
was to determine the mode of glutamic
acid decarboxylase degeneration from rice
seeds in relation to storage periods under
certain storage conditions and its relation
with seed deterioration.
Glutamic acid decarboxylase was
thought to be present only in micro-orga-

nisms, but in 1937, Okunuki identified the
enzyme in higher plants as cited by Cheng
(5) and Beevers (4). · Bis richest sources of
the enzyme was the pollen of Lilium aurattnn. Later on Schales et al. (10) listed
the occurrence of the enzyme in a variety
of higher plants. Its presence is now well
recognised in barley, wheat, corn, rice and
other plants (4, 7, 9, 11).
Linko (9) reported that glutamic acid
decarboxylase activity (GADA) provided a
good estimation of storage condition of
wheat and he found a semi- Iogerithmic relation between germination percentage and
carbon dioxide evolution. Cheng (5) stated
that GADA in wheat decreased with an
increase in moisture content, temperature
of storage and length of storage.
Bautista et al. (2) and Grabe (7,8) recently studied GADA in corn, oats, wheat
and rice in conjunction with viability and
vigour as measured by direct and indirect
tests, and concluded that GADA had a good
relation with vigour and viability.
Very limited inf~rmation on GADA
in rice seed suggests that much work is left
to be carried out in order to establish a
definite role of the enzyme in the biochemistry of storage changes in rice seed.

1 Studv conducted at the seed technology laboratory, Mississippi State University, U.S.A. during 1965-66.

2 Scni~r Scientific Officer. Agronomy Division, Bangladesh Rice Research Institute. Joydebpur, Dacca and

Professor of Agronomy, Mississippi State University, U.S.A. respectively.
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was followed.

MATERIALS AND METHODS

Foundation Bluebonnet-50 rice seeds
of 1965 harvest stored all along at 7"C and
50 percent relative humidity were made
deteriorated to different levels by ~toring
them under three conditions: (a) 20"C and
75 percent relative humidity (20 -75%
R .H.>, (b) 30 "C-48% R. H. and (c) 30
75% R. H.. The first samples were placed
in storage in December, 1965 with additional samples stored at monthly intervals
until August, 1965. In September, 1966 the
seeds were removed from the storage and
evaluated in terms of viability and vigour.
The test procedures are described below:

·c

·c-

Gtrmination test: Two hundred seeds of each
storage condition and period were planted
in 4 replicaticns of 50 seeds each in between
moist blue blotters and germinated at an
alternating temperature of 20"-30"C for a
period of 14· clays. A first count of normal
seedling was made at the end of 5 days
and a final count after 14 days (I). Seedlings were evaluated for abnormality, disease
and death on the final count.
Measurement of root length : Sixty seeds from
each stornge condition and period were
planted in 4 replications in up- right moist
towels :md germinated at 20 ·c- 30 ·c as in
germination test with radicle ends directed
downwards. The root growth obtained after
4 days was measured in millimetre scale.
The average growth for seedling was calculated taking into account only normally
germinated seedlings on the particular day.
Glutamic acid decarboxylase activity test: The
apparatus used was a simple pressuremetre
devised by Grabe (7). It is illustrated with
its different parts in figure 1. In general,
the prccedure used by him nnd Linko (9)

Fifteen millilitres of 0.1 M glutamic
acid in 0.067 Phosphate buffer at pH 5.8
were added to 30 grams of finely ground
seed of each storage condition and period
in the reaction chamber. The contents were
thoroughly mixed with a heavy glass rod.
The rubber stopper was fitted tightly in
the mouth of the reaction chamber and the
unit was placed in the water bath at 30
The pressuremetre was adjusted to zero.
After a 10- minute equilibration period, the
air vent was closed. The pressure increase
due to carbon dioxide evolution was recorded from the scale fitted to the pressuremetre in millimetres of ethyl lactate after
a 30-minute incubation period. An empty
unit was also placed in the water bath to
serve as a thermobarometre to correct changes in atmospheric pressure during the test
period. Duplicate test was also run on each
sample.

·c.

RESULTS

The test results are given in table 1.
At 20"C-75% R.H. only 3% decline in
germination was noticed during the first 6
months. After 7, 8 and 9 months the germination dropped to 87%, 76% and 57% respectively. The rate of root growth was
somewhat slow during the first 5 months
and then abnormally declined during the
last 4 months until it came down to 14 mm
at the end of 9 ·months storage as compared to 42 rnm obtained before placing the
seeds in storage. GADA, however, continuously and rapidly decreased throughout the
storage period.
Seed deterioration progressed somewhat more rapidly, especially during the
last 6 months at 30.C-48% R. H. than at

N ew.'iletter
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zo·C-75% R.H .. Germination percentage remained relatively stable up to 3 months and
then deteriorated by 8% in between 4 to 6
months, 15% in between 7 and 8 months and
26% in between 8 and 9 months. Rate of
root growth declined continuously throughout the storage period, but somewhat more
rapidly after 3 tnonths. GADA decreased
continuously and more rapidly during the
entire storage period (table 1).
The rate of seed deterioration at 3o·c75% R. H. was much more rapid than at
20.C-75% R.H. and 30.C-75% R.H .. Germination percentage began to rapidly decline
after 2 months and was zero percent by 6
months. The rate of root growth and GADA
also abnormally decreased throughout the
storage period. Minute amount of GADA
(1 to 2 mm) was noticed even when the
seeds were dead (table 1).
DISCUSSION

Germination percentage remained fairly stable up to 6 months at 20.C-75% R.H.,
4 months at 30 ·c-48% R. H. and 1 month
at 30 ·c -75% R. H., while rate of root
growth and GADA decreased · considerably
(table 1). Simple correlation coefficients between GADA and germination percentage
at the respective storage conditions are respectively 0.70*, 0.68* and 0.87*'\ and between GADA and root growth are 0.88**,
0.92** and 0.82**. Comparatively low correlation values between GADA and germination percentage suggest that a considerable amount of deterioration occured before germination percentage was affected,
while high value between GADA and root
growth indicate that a slight deterioration
was reflected more clearly in GADA and
root growth. In other words, high Gi\DA
was more closely associated with high vi-

gour or a low degree of deterioration than
with germination percentage. The results
confirmed to what were stated by Delouche
and Caldwell (6).
The relationship between GADA and
storage period from 0 to 9 months at the
three storage conditions are all curvilinear.
The regression equations developed are all
exponential forms, and are represented by
/\

Y

= (172.2)
/\

(.699)x for 20.C-75% R. H.
'

storage, Y = (180.4) (.659)x for 30.C-48%
/\

R.H. and Y = (116.3) (.514)x for 30'C-75%
R.t-I.. The regression equations fit very close
to the actual experimental readings except
a few cases. Slight variations in water bath
temperature significantly influenced the readings. The timing of measurement was also
critical.
The relation between GADA and germination percentage of wheat was stated
to be semi-logarithmic by Linko (9). On
the other hand, Bautista et a!. (3) found a
straight line relationship between GADA
and germination percentage of two varieties of wheat stored at various temperatures
with different moisture contents for one
month at 40 °C. The results of the present
study indicate that there was no such a linear
relationship between germination percentage
and GADA in Bluebonnet-50 rice seeds
stored at the three conditions for the periods
up to 9 months.
Nothing specifically is known as regards the distribution of the enzyme, nor
its path of degeneration from rice seedembryo. The curvilinear relation between
GADA and storage periods suggests that a
larger amount of active enzyme took part
in dccnrboxylati\·c action during initial storage and the activity was reduced rapidly
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with the length of storage, especially under
adverse conditions. Thus it is evident that the
enzyme was distributed uniformly throughout the embryo and that the degeneration
started from surface layers to the centre.
With the passage of time the active enzyme
zone became narrower and narrower until
it approached a zero zone at the centre. The
death of embryo occured before this stage
reached i. e., even dead embryos possessed
some decarboxylative action, but the activity was not high enough to stimulate the
embryos to germinate.

The degree and progre:;s of deterioration of Bluebonnet-50 rice seeds stored for
periods up to 9 months at zo·C-75% R.H.,
30 "C-48% R. H. and 30 ·c-75% R. H. were
evaluated for each month in terms of germination percentage, rate of root growth
and glutamic acid decarboxylase activity
(GADA). GADA decreased continuously
under all storage conditions and more rapidly under adverse conditions. Slight degeneration of the enzyme affected root growth,
while degeneration at certain levels only
caused decline in germination percentage.
The pattern of the enzyme degeneration to
storage periods is expressed by Y

== (172.2)
1\

(.699)x for 20.C-75% R.H. storage, Y
1\

3. -- ---· ------- ., Lugay, J. C., Lourdes,
]. Cruz and Juliano, B. 0., 1964:
Glutamic acid decarboxylase activity as a viability index of artificially
dried and stored rice. Cereal Chern.
41 : 188-191.

"I

4. Heewers, H., 1951: An L-glutamic acid
decarboxylase from barley. Biochern.
Jour. 32: 418-487.

SUMMARY AND CONCLUSIONS

1\

2. Bautista, G. M., and Linko, P., 1962:
Glutamic acid decarboxylase activity
as a measure of damage in artificially dried and stored corn. Cereal
Chern. 39 : 455-458.

=
=

(180.4) (.659) x for 30 ,C-48% R.H. and Y
(116.3) (.514)x for 30 . C-75~~ R.. H .. The
regression curves indicate that the enzyme
was distributed uniformly in the embryo
and that the degeneration started from surface layers to the centre. Death of embryo
occurcd before degeneration of the em~ymc
zone approached to zero value at the centre.
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Table 1.

Months.

•

30" C-48% R.H.

20" C- 75% R.H.

Storage
Ill

Test results of Bluebonnet- 50 rice seed stored at 20" C- 75% R.H.,
30" C-48% R.H. and 30" C-75% R.H. for a period of 9 months.

i

a
Germi.

;

b
Root
length

c

iGADA

II

Germt..

I

I
1

!

Root
length

30" C-75% R.H.

GADA Germi.

!

Root
length

.GADA

0

94

4~

130

94

42

130

94

42

130

1

94

36

95

94

39

98

94

30

68

2

93

35

72

94

39

78

88

27

35

J

')

93

33

64

93

35

68

71

21

17

4

92

33

55

91

26

35

50

22

10

5

92

32

35

88

24

19

6

8

2

6

92

28

'Y>
.........

87

20

15

0

0

?

7

87

~4

15

80 .

18

11

0

0

1

~

76

19

9

75

16

8

0

0

1

9

57

14

6

49

4

4

0

0

1

'"'

a : Germination percentage
b : Root length after 4 days in mm
c : Glutamic acid decarboxylase activity ·n1easured in terms of C02 evolution
in mm per 30 minute incubation period

'

Newslettel'

14

1---------~

A :t>lastic scale graduated in mm

illnry glasG tube

f

H---+-+-------=~l:i hyl lactate coloured with

crystal violet

•~-+------+

Hubbcr tub inc;

vent
bber stopper

1------+* pint manson jar . serving as
reaction chamber

•
f

Figure

1.

Respirometre used in determinations of glutamic acid
decarboxylase activity.

